Abstract-Pulmonary artery smooth muscle cell (PASMC) proliferation contributes to increased pulmonary vascular resistance and pulmonary hypertension. Because proliferation depends on membrane potential (V m ) and because V m is, in part, determined by Cl Ϫ currents (I Cl ), we examined the effects of I Cl inhibition with 4,4Ј-diisothiocyanatostilbene-2,2Ј-disulfonic acid (DIDS) on cultured rat PASMCs. DIDS (30 mol/L) reduced cell numbers, decreased 5-bromodeoxyuridine incorporation and delayed cell cycle progression. I Cl inhibition with 5-Nitro-2-(3-phenylpropylamino) benzoic acid (100 mol/L) also reduced cell numbers of cultured rat PASMCs. To test the possible involvement of I Cl in the regulation of PASMC proliferation, we measured V m and I Cl in both cultured (proliferating) and acutely dissociated (nonproliferating) rat PASMCs. V m (Ϫ39.3Ϯ1.4 mV) was close to the equilibrium potential of Cl Ϫ (Ϫ39 mV) in proliferating PASMCs but differed from equilibrium potential of Cl Ϫ in acutely dissociated cells (Ϫ45.3Ϯ0.9 mV). DIDS and substitution of extracellular Cl Ϫ with I Ϫ induced V m hyperpolarization in proliferating but not nonproliferating PASMCs. Consistent with V m recordings, DIDS-sensitive baseline and swelling-activated (Ca 2ϩ -independent) I Cl s, recorded with low Ca 2ϩ (Ͻ1 nmol/L) pipette solutions, were Ϸ5-fold greater in proliferating than in nonproliferating PASMCs. By contrast, Ca 2ϩ -activated I Cl did not differ between proliferating and nonproliferating PASMCs. Ca 2ϩ -independent I Cl s were also increased in proliferating PASMCs acutely dissociated from rats exposed to hypoxia (10% O 2 ; 7 days). These findings are consistent with the conclusion that I Cl s regulate proliferation of PASMCs and suggest that selective I Cl inhibition may be useful in treating pulmonary hypertension. Key Words: Ca 2ϩ -independent chloride currents Ⅲ pulmonary hypertension Ⅲ hypoxia Ⅲ cell cycle Ⅲ phenotypic transition P ulmonary hypertension, uniformly fatal in its primary idiopathic form and a cause of premature mortality when it complicates cardiopulmonary disease, remains a difficult management problem. Pulmonary artery smooth muscle cell (SMC; PASMC) proliferation is a hallmark of the disease and contributes to increased vascular resistance to blood flow. 1,2 Understanding the mechanisms that regulate PASMC proliferation is necessary in order that new targets for therapeutic intervention may be identified.
P ulmonary hypertension, uniformly fatal in its primary idiopathic form and a cause of premature mortality when it complicates cardiopulmonary disease, remains a difficult management problem. Pulmonary artery smooth muscle cell (SMC; PASMC) proliferation is a hallmark of the disease and contributes to increased vascular resistance to blood flow. 1, 2 Understanding the mechanisms that regulate PASMC proliferation is necessary in order that new targets for therapeutic intervention may be identified.
Swelling-activated chloride (Cl Ϫ ) currents (I Cl s) and Ca 2ϩ -activated I Cl s have been identified in PASMCs, 3, 4 and PASMC expression of ClC-3, which is a candidate for mediation of swelling-activated I Cl 5 and is important for cell proliferation, 6, 7 is upregulated in the pulmonary hypertensive rats. 8 Because of the transmembrane Cl Ϫ concentration gradients that exist in vascular smooth muscle, activation of Cl Ϫ channels causes Cl Ϫ efflux, cell volume decrease, 9 and plasma membrane depolarization. 10, 11 Moreover, previous studies have identified that cytoplasmic volume must be adjusted during cell cycle progression 9 and that membrane potential and intracellular free Ca 2ϩ levels are important regulators of proliferation. 9, 12 These observations suggest a role for the I Cl in PASMC proliferation. The present study was, therefore, carried out to test the hypothesis that I Cl s participate in the regulation of PASMC proliferation and to compare the I Cl s active in proliferating versus contractile PASMCs.
Materials and Methods
Detailed methods are available in the online data supplement (http://hyper.ahajournals.org).
All of the procedures were approved by the institutional animal care committee. Single PASMCs were isolated 13 from small intralobar arteries (third-and fourth-order branches) of normoxic rats (adult male Sprague-Dawley) and rats exposed to hypoxia (10% O 2 ; 7 days). These cells were cultured in the presence of 10% FBS, as described previously. 14 The effects of the I Cl inhibitor (4,4Ј-diisothiocyanatostilbene-2,2Ј-disulfonic acid [DIDS] ; 30 mol/L) on 5-bromodeoxyuridine (BrdUrd) incorporation and DNA content were assessed by flow cytometry as described previously. 15 Resting membrane potential (V m ) of rat PASMCs was measured using the whole-cell patch-clamp technique in current-clamp mode using the nystatin-perforated recording configuration 16 . In some studies, NMDG-HCl in the bath solution was reduced to 100 mmol/L (osmolarityϭ225 milliosmoles) to induce cell swelling. In other studies, Ca 2ϩ -activated I Cl s were stimulated by adding 7.7 mmol/L of CaCl 2 to the pipette solution (free Ca 2ϩ ϭ500 nmol/L). The liquid junction potential between pipette solutions and bath solutions was calculated and corrected. The current density of I C1 was measured in picoampere/picofarad (pA/pF). Differences between 2 means were evaluated by 2-tailed Student t test. Differences among multiple means were assessed by 1-way ANOVA and evaluated posthoc by Bonferroni's test.
Results
To determine whether I Cl s are involved in SMC proliferation, we examined the effects of the I Cl inhibitor DIDS on cell numbers in cultured rat PASMCs. As summarized in Figure 1A , DIDS reduced (PϽ0.01; nϭ6) cell numbers in a dose-and time-dependent manner. Cell viability, as assessed using trypan blue exclusion, was not affected by DIDS at 10 or 30 mol/L but was reduced (PϽ0.01) by Ϸ10% in cells treated with 100 mol/L of DIDS ( Figure  S1 ). DIDS (30 mol/L) also had no effect on the percentage of cells staining positive for Annexin V and/or propidium iodide (data not shown), suggesting the lack of effect of DIDS on apoptotic cell death at this concentration. To further confirm that DIDS inhibits cell replication, BrdUrd incorporation was measured. After treatment for 16 hours, DIDS decreased (PϽ0.05; nϭ3) the percentage of BrdUrd-positive cells by Ϸ36% ( Figure 1B) . Importantly, DIDS also increased (PϽ0.05; nϭ3) the percentage of cells in G 0 and G 1 phases while decreasing (PϽ0.05) the percentage of cells in the G 2 /M phase ( Figure 1C ), indicating that DIDS delayed the G 1 /S-phase transition. Thus, the changes in cell numbers in PASMCs treated with DIDS at concentrations of Յ30 mol/L were attributed to effects on PASMC proliferation and not changes in cell survival. Because DIDS affects multiple ion flux mechanisms, we To explore the ionic mechanisms responsible for reduced proliferation of DIDS-treated rat PASMCs, we used nystatin-perforated whole-cell recordings to investigate the effects of DIDS on membrane potential (V m ) and I Cl s in PASMCs. In cultured rat PASMCs, the resting V m was Ϫ39.3Ϯ1.4 mV (nϭ78 cells), which was close to the equilibrium potential of Cl Ϫ (E Cl ; Ϫ38.9 mV) in the study. Figure 2A shows that DIDS additions induced a concentration-dependent V m hyperpolarization in cultured rat PASMCs. At maximum levels of DIDS, V m was shifted (PϽ0.05; nϭ6) to more negative potentials by Ϸ30 mV. The estimated DIDS concentration eliciting a 50% change in V m was estimated to be Ϸ20 mol/L. By comparison, the effect of DIDS on acutely dissociated (nonproliferating) cells was small, with the maximal V m shift to more negative potentials being Ϸ6 mV at saturating DIDS levels.
The results above indicate that the resting V m is more strongly regulated by I Cl s in cultured PASMCs than in acutely dissociated PASMCs. Consistent with this suggestion, Figure  2B shows Figure 3A , voltage steps from a holding potential of Ϫ40 mV induced currents with "instantaneous" activation kinetics and with minimal inactivation during a 1-second voltage step. The relationship between current density and voltage in cultured PASMCs showed prominent outward rectification with an estimated reversal potential (E rev ) of Ϫ32.9Ϯ1.9 mV (nϭ15; Figure 3B ), which was similar to E Cl (Ϫ38.9 mV). The addition of 100 mol/L of DIDS reduced (PϽ0.05) the current density at ϩ60 mV by 86.0Ϯ7.7% in cultured PASMCs (from 12.2Ϯ2.9 to 1.69Ϯ0.96 pA/pF; nϭ4), confirming that the currents are generated by DIDS-sensitive Cl Ϫ channels. By comparison, in nonproliferating PASMCs acutely dissociated from normoxic rats (Figure 3) , the current-voltage relationship showed little rectification, E rev (Ϫ56.1Ϯ1.8 mV) differed (PϽ0.01) from E Cl , and the current density at ϩ60 mV (1.46Ϯ0.16 pA/pF; nϭ11) was lower (PϽ0.01) than that in cultured PASMCs.
The currents recorded above were measured under basal (ie, isotonic) conditions. Previous studies have established that swelling-activated I Cl s, which are sensitive to DIDS, 17 are important for cell cycle progression, 9, 19, 20 suggesting that blockade of swelling-activated I Cl s may underlie the reduced proliferation observed in DIDS-treated cultured PASMCs. Therefore, I Cl recordings were made in response to cell swelling induced by the application of hypotonic solutions using the ruptured patch-clamp configuration, and the pipette solutions contained Ͻ1 nmol/L of free Ca 2ϩ . The current density at ϩ60 mV of the baseline currents recorded in cultured PASMCs in isotonic conditions (without cell swelling) was 2.2Ϯ0.7 pA/pF (nϭ7). Switching to hypotonic bath solutions caused cell swelling in these cells and induced large outwardly rectifying (Ca 2ϩ -independent) I Cl s ( Figure 4A , middle, and Figure 4B ) with a density at ϩ60 mV of 65.6Ϯ20.4 pA/pF (nϭ6). Consistent with the conclusion that these swelling-activated currents were I Cl s, DIDS (100 mol/L) reduced (PϽ0.05) the current density at ϩ60 mV to 5.0Ϯ1.7 pA/pF (nϭ4; Figure 4A ). Moreover, analysis of the DIDS-sensitive currents, calculated as the difference between the currents before and after DIDS, showed an E rev of Ϫ29.5Ϯ2.2 mV (nϭ4), which was close to E Cl (Ϫ29.2 mV).
To further establish that the swelling-activated currents recorded in cultured PASMCs were I Cl s, we measured the changes in E rev with external Cl Ϫ replacements. When external Cl Ϫ was replaced with gluconate, an anion that is relatively impermeant to Cl Ϫ channels, 17 ,21 E rev shifted (PϽ0.01) to more positive potentials (by 35.8Ϯ2.7 mV; nϭ8; Figure S2A , left). Conversely, E rev shifted (PϽ0.01) to more negative potentials (by 23.3Ϯ4.2 mV; nϭ7) when external Cl Ϫ was replaced with I Ϫ ( Figure S2A , right). The anion permeability ratios for gluconate and I Ϫ versus Cl Ϫ were 0.23Ϯ0.03 and 2.8Ϯ0.47, respectively, consistent with the sequence of anion permeability (ie, I
Ϫ ϾCl Ϫ Ͼgluconate) reported for swelling-activated I Cl . 17 Cl Ϫ replacements also caused similar shifts in E rev in baseline currents recorded in isotonic bath solutions ( Figure S2B ).
In PASMCs acutely dissociated from normoxic rats, switching to hypotonic bath solutions also caused cell swelling but did not increase (Pϭ0.17) the currents ( Figure 5A ): current density at ϩ60 mV was 0.33Ϯ0.04 pA/pF (nϭ26) in isotonic solutions and 0.23Ϯ0.03 pA/pF (nϭ13) in hypotonic solutions. Moreover, the currents recorded in hypotonic solutions were not affected (Pϭ0.80; nϭ5) by DIDS (data not shown). The above results establish that proliferating rat PASMCs display prominent baseline and swelling-activated Ca 2ϩ -independent I Cl s, which are virtually absent in acutely dissociated nonproliferating PASMCs.
PASMCs also possess prominent Ca 2ϩ -activated I Cl s, which appear to play roles in cell proliferation 22 and in regulating V m . 23 To assess Ca 2ϩ -activated I Cl s in our rat PASMCs, ruptured patch-clamp recordings were made using pipette solutions with a free Ca 2ϩ concentration of 500 nmol/L and using isotonic bath solutions. As shown in Figure  S3A , prominent currents were observed under these conditions in both cultured and acutely dissociated PASMCs. These currents contained both Ca 2ϩ -activated I Cl s and baseline Ca 2ϩ -indepedent I Cl s. The current density at ϩ60 mV was much larger (PϽ0.01) in cultured PASMCs (10.4Ϯ2.8 pA/pF; nϭ15) than that in acutely dissociated PASMCs (3.5Ϯ0.7 pA/pF; nϭ24; Figure S3B ). However, subtraction of the baseline Ca 2ϩ -indepednet I Cl s (I Cl s recorded in isotonic bath solutions in Figures 4A and 5A ) from these currents recorded with high pipette Ca 2ϩ (500 nmol/L) revealed that the Ca 2ϩ -activated I Cl s were not different (PϾ0.30; Figure  S3C ) as assessed using the parameters originated from Boltzmann fits.
Because hypoxia is a potent stimulus for PASMC proliferation in vivo, 24, 25 we hypothesized that exposure of rats to hypoxic conditions will induce elevation in Ca 2ϩ -independent I Cl s in PASMCs. Consistent with previous studies, 25 exposure of rats to hypoxia (10% O 2 ) for 7 days induced proliferation of PASMCs, as demonstrated by the increased BrdUrd uptake of PASMCs in hypoxic rats compared with normoxic rats (data not shown). Consistent with our hypothesis, Ca 2ϩ -independent I Cl s recorded with low Ca 2ϩ (Ͻ1 nmol/L) pipette solutions in PASMCs acutely dissociated from hypoxia-exposed rats ( Figure 5B) had current densities at ϩ60 mV of 0.9Ϯ0.2 pA/pF (nϭ12) in isotonic bath solutions and 4.3Ϯ0.3 pA/pF (nϭ7) after the application of hypotonic solutions to induce cell swelling. Both baseline and swelling-activated Ca 2ϩ -independent I Cl s were greater (PϽ0.01) than the corresponding currents recorded in PASMCs acutely dissociated from normoxic rats ( Figure 5A ).
Discussion
Vascular SMCs in mature mammals are highly differentiated and, under normal physiological conditions, show low rates of replication. 26 However, these cells can transit from a nonproliferative contractile phenotype to a proliferative "synthetic" phenotype, 27, 28 and this phenotypic transition and subsequent proliferation in pulmonary arteries contribute to pulmonary hypertension. 24 Our study is the first to demonstrate that transition of PASMCs to a proliferative phenotype is associated with upregulation of DIDSsensitive Ca 2ϩ -independent I Cl s, and the application of DIDS reduces cell numbers of proliferating PASMCs. These effects on cell numbers by DIDS appeared to result from a decreased proliferation rate, specifically from delayed cell cycle progression through the G 1 /S transition, because cultured proliferating rat PASMCs treated with DIDS accumulated in the G 0 /G 1 phase of the cell cycle and had reduced BrdUrd incorporation.
We conclude, for the reasons outlined below, that the effects of DIDS on PASMC proliferation result from the blockade of I Cl s and likely from the blockade of DIDSsensitive Ca 2ϩ -independent "baseline" and "swelling-activated" I Cl s. First, the resting V m of proliferating PASMCs was close to the E Cl , and DIDS induced an Ϸ30-mV hyperpolarization of the V m , causing V m to become closer to E K (Ϫ85 mV). By contrast, DIDS had very little effect on nonproliferating PASMCs. These results suggest that I Cl s play a more dominant role in setting V m in proliferating than in nonproliferating PASMCs. Consistent with this suggestion, Cl Ϫ replacement with I Ϫ , an anion with a higher permeability than Cl Ϫ for both baseline and swelling-activated Ca 2ϩ -independent I Cl s in rat PASMCs ( Figure S2 ), induced an Ϸ10 mV shift in V m to more hyperpolarized potentials, whereas Cl Ϫ replacement with gluconate, an anion with a lower permeability than Cl 
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Acute PASMCs from hypoxia-exposed rats ( Figure S2 ), shifted V m to more depolarized potentials (data not shown). These findings are consistent with the anion permeability properties of swelling-activated I Cl s recorded in other tissues as reviewed. 17, 29 Conversely, these anion substitutions had virtually no effect on V m in acutely dissociated nonproliferating PASMCs. These results establish that I Cl s active in cultured proliferating PASMCs promote membrane depolarization, which can serve as a mitogenic stimulus (see below). 9 Further support for a connection between elevated I Cl s and PASMC proliferation is provided by the results of our voltage-clamp studies, which were designed to isolate I Cl s in whole-cell recordings (see Methods). The I Cl s recorded in both isotonic bath solutions (ie, baseline I Cl s) and hypotonic (osmolarity decrease of 70 milliosmoles) bath solutions (ie, swelling-activated I Cl s) in ruptured-patch recordings with low pipette Ca 2ϩ levels (Ͻ1 nmol/L), as well as I Cl recorded in isotonic bath solutions with the nystatin-patch method, were much larger in cultured proliferating PASMCs compared with acutely dissociated nonproliferating PASMCs. Moreover, consistent with our V m recordings, DIDS application reduced these currents by Ϸ90% in cultured PASMCs while having no effect in nonproliferating PASMCs. Our conclusion that these DIDS-sensitive (baseline and swelling-activated) currents in proliferating PASMCs were indeed I Cl s is bolstered by the large shifts in E rev observed when extracellular Cl Ϫ was replaced with I Ϫ (negative shifts in E rev ) or gluconate Ϫ (positive shifts in E rev ; Figure S2 ). Another important finding supporting the conclusion that I Cl s can regulate PASMC proliferation is our observation that exposure of rats to hypoxia for 7 days induced the proliferation of SMCs in the intact pulmonary artery, and PASMCs acutely dissociated from these hypoxiaexposed rats showed prominent baseline and swelling-activated Ca 2ϩ -independent I Cl s, which were virtually absent in nonproliferating PASMCs acutely dissociated from normoxic rats. Thus, I Cl expression strongly correlates with the proliferation rates of PASMCs, whether the stimulus for proliferation is hypoxia in vivo or mitogens present in the serum of culture medium.
The mechanism whereby baseline and swelling-activated I Cl s regulate PASMC proliferation is unclear. Because E Cl is typically above V m in SMCs, 10,11 the presence of larger I Cl s in proliferating PASMCs is expected to promote depolarization. Indeed, in the present study, the resting V m in proliferating cultured PASMCs is more depolarized (by Ϸ6 mV) than in acutely dissociated PASMCs. Similar membrane depolarizations were observed in proliferating cultured human uterine artery SMCs, 28 PASMCs acutely dissociated from hypoxiaexposed rats, 30 and proliferating cultured rat PASMCs. 12 Membrane depolarization, as seen in proliferating PASMCs, is predicted to increase [Ca 2ϩ ] i via the presence of a "window current" for voltage-dependent Ca 2ϩ channels, which, in SMCs, has a steep voltage dependence between Ϫ50 and Ϫ30 mV. 31 This Ca 2ϩ entry has been shown to promote PASMC proliferation, 12 36 -38 may motivate further studies using molecular tools to clarify the role of Ca 2ϩ -activated I Cl s. The underlying molecular basis for, as well as the mechanism for the upregulation of, the Ca 2ϩ -independent I Cl s observed in our proliferating PASMCs is unknown. In cultured rat PASMCs, the baseline and swelling-activated Ca 2ϩ -independent I Cl s displayed similar biophysical and pharmacological properties (baseline I Cl s were also sensitive to DIDS; data not shown), suggesting that the same Cl Ϫ channel might generate both currents. The permeability ratio of I Ϫ versus Cl Ϫ for the baseline currents (7.7), however, was higher than that for swelling-activated currents (2.8; Figure S2 ). Therefore, baseline and swellingactivated I Cl s in proliferating rat PASMCs may be mediated by different channels, although it is possible that channel properties may be altered by increased membrane tension associated with cell swelling. 39 Although several candidate genes have been suggested, 40, 41 the genes encoding swelling-activated I Cl s remain unclear, 42 and additional work will be necessary to determine the molecular basis for the increased I Cl s in proliferating PASMCs. Many transcription factors are involved in the altered gene expressions during the transition of VSMCs from the contractile to proliferative phenotype. 26, 43 For example, Krü ppel-like factor 4 is involved in the suppression of differentiation marker genes, 44 whereas Krü ppel-like factor 5 is involved in the expression of the embryonic isoform of smooth muscle myosin heavy chain (SMemb/ NMHC-B), 45, 46 which is a marker gene of proliferative VSMCs. It is possible that these transcription factors may also regulate other aspects of the VSMC phenotypic modulation, including the upregulation of I Cl s in PASMCs, as observed in the present study. Accordingly, further studies may be needed to test this possibility.
Perspectives
The results of the current study establish that the phenotypic transition of rat PASMCs from the contractile state to the
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proliferative state is associated with upregulation of DIDSsensitive, Ca 2ϩ -independent, baseline and swelling-activated I Cl s, and blockade of these I Cl s reduces proliferation rates of PASMCs. These observations may have direct and immediate relevance to pathological conditions associated with excessive PASMC proliferation, such as pulmonary hypertension. The development of pharmacological tools that permit selective blockade of I Cl s may be useful in ameliorating PASMC proliferation and the progression of pulmonary hypertension and right heart decompensation. Quantification of PASMC proliferation by bromodeoxyuridine uptake in vivo PASMC proliferation was quantified by bromodeoxyuridine (BrdU) uptake. BrdU was infused subcutaneously using osmotic pumps (2ML-2; Alza Corp, Palo Alto, CA) containing 0.32 g of BrdU in 2 ml vehicle (0.4% DMSO) implanted intrascapularly to deliver ~0.4 mg BrdU/h for 48 h prior to euthanasia. Pulmonary artery segments were excised, fixed with paraformaldehyde, washed with PBS, dehydrated in graded ethanol (70-100%), cleared in xylene, and embedded in paraffin. Sections (5 µm thick) were cut on an oscillating blade microtome (Leica, Wetzlar, Germany) and placed on coated glass microscope slides (Fisher Scientific, Pittsburgh, PA). Dewaxed and rehydrated slides were incubated with 2 mol/L HCl for 1 h at 37°C. The acid was neutralized by 0.1 mol/L borate buffer (pH 8.5). Following PBS washes, the slides were incubated with fluorescein-labeled anti-BrdU antibody for 1 h at room temperature in the dark. Slides were then washed with PBS and mounted for microscopy. Significant PASMC BrdU incorporation (proliferation) was observed after 7 days of hypoxia (data not shown).
Acute dissociation of rat PASMCs
As described 2 lungs were placed in ice-cold Ca -free Hank's solution at room temperature for 10 minutes then transferred into Hank's solution (without EGTA), containing 1 mg/ml papain and 0.2 mg/ml bovine serum albumin at 4 °C for 20 min. Dithiothreitol (0.85 mg/ml) was added and the enzyme solution kept at 4 °C for another 50 min and then at 37 °C for 15 min. The segments were then washed and maintained in Hank's solution (with 6 mmol/L glucose) at room temperature for 10 minutes. Single PASMCs were released by gentle trituration through a fire-polished Pasteur pipette. Most cells were relaxed (spindle shape) in Ca 2+ -free solution, but became partially contracted (oval shape) when 1.8 mmol/L Ca 2+ was added. Their identity as smooth muscle cells was confirmed in initial studies by immunostaining with anti-alpha smooth muscle actin antibody. PASMC suspension was kept at 4 °C and used for experiments within 8 h of dissociation.
Primary culture of rat PASMCs
Primary culture of rat PASMCs was prepared as described. 3 Pulmonary arteries were dissected and the adventitia and endothelium removed after incubation in Hank's solution-Based Minimal Essential Medium (HB-MEM) containing 1 mg/ml collagenase type II at 37°C for 15-20 min. Segments were then cut into small pieces, incubated for 45 minutes at 37°C in HB-MEM containing 1 mg/ml albumin, 1 mg/ml collagenase type II, and 0.5 mg/ml elastase and PASMCs were dissociated by trituration. Dissociated cells were cultured at 1.4×10 3 cells/cm 2 in Dulbecco's Modified Eagle Medium (DMEM) supplemented with 10% v/v Fetal Bovine Serum (FBS), 1 µg/ml Fungizone and 50 µg/ml Gentamycin at 37 °C. Cells in culture started to proliferate at day 2-3, and became confluent at day 6-7. Subconfluent cells at day 3-5 were used for electrophysiology studies. Purity of cultured cells was corroborated, in initial studies, by immunofluorescent staining using anti-alpha smooth muscle actin antibody.
Effect of chloride channel inhibition on cell number
Rat PASMCs were cultured in DMEM containing 10% FBS as above either in the presence of 4,4'-diisothiocyanatostilbene-2,2'-disulfonic acid (DIDS, final concentration=10, 30, or 100 µmol/L), 5-Nitro-2-(3-phenylpropylamino)benzoic acid (NPPB, final concentration=100 µmol/L) or vehicle (DMSO). The culture medium was exchanged every 2 days. On days of cell number assessment, cells were washed with PBS and detached with 0.1% trypsin, collected and counted using a standard hematocytometer (Sigma). Trypan Blue exclusion was used to test cell viability.
Effect of chloride channel inhibition on BrdU incorporation and DNA content
To confirm that the effect of DIDS on cell numbers is due to altered cell proliferation, DNA synthesis was assessed by BrdU incorporation. DNA content was quantified by Propidium Iodide (PI) staining in order to assess the effect of DIDS on cell cycle progression. Rat PASMCs were cultured as above. Cells at 30~40% confluency were serum deprived (0% FBS) for 24 h to synchronize the cells. The culture medium was changed to DMEM, containing 10% FBS and 10 µmol/L BrdU as well as DIDS (30 µmol/L) or vehicle (DMSO, 0.06% v/v), and incubated for 16 h. Cells were trypsinized, pelleted, and washed once in cold PBS then fixed with 70% ethanol and maintained at 4°C for 24h. The cells were then washed with 1 ml washing buffer (PBS+0.5%BSA) and centrifuged at 230×g for 10 min. Pellets were resuspended in 500 µl denaturing solution (2 mol/L HCl) and incubated for 20 min at room temperature. After washing again with washing buffer, cell pellets were resuspended in 500 µl borate buffer (0.1mol/L Na-borate, pH=8.5) and incubated for 5 min at room temperature. The cells were washed and incubated for 1h at room temperature in 72.5 µL FITC-anti BrdU loading solution (0.5% Tween 20, 1% BSA/PBS, 0.7 mg/ml RNAase A, and 20 µL FITC-anti BrdU solution) then washed and incubated in 100 µL PI solution (10 µg/ml PI in PBS) for 1h at room temperature. 400 µL PBS was added, and cells were analyzed by a flow cytometer (Cytomics FC500, Beckman Coulter Inc., Fullerton, CA). In each experiment, 10,000 cells were counted.
Effect of chloride channel inhibition on Annexin V and PI staining
To determine whether the effect of DIDS on cell number can also be attributed to changes in the rate of cell death, a BD Pharmingen Annexin V-FITC apoptosis detection kit was used to detect phosphatidylserine externalization (an early event in apoptosis), and PI uptake was used as a marker of cell death. Rat PASMC were cultured as above in the presence of DIDS (30 µmol/L) or vehicle (DMSO, 0.06% v/v) for 4 days, a time point at which the effect of DIDS on cell number is readily apparent ( Figure 1A ). Cells were tripsinized and centrifuged at 230×g for 10 min. The pellet was resuspended in 5 mL of cold PBS and centrifuged again. The pellet was then resuspended in 110 µL of Annexin V-FITC labeling solution, containing 100 µL binding buffer, 5 µL Annexin V-FITC solution and 5 µL PI solution, and incubated for 15 min at room temperature in the dark. 400 µL binding buffer was added into each sample. Labeled cells were analyzed by flow cytometry, and the numbers of cells positive for either Annexin V, PI, or both were calculated.
Membrane potential recordings
The whole-cell patch-clamp technique using the nystatin-perforated recording configuration was used in current-clamp mode to record membrane potential. . Holding potential was set at -40 mV, which was the equilibrium potential for chloride (E Cl ) in the study. Voltage steps (1 second duration) from -100 mV to +60 mV were applied in 20-mV increments. Series resistance was compensated by 70-80%. Data were sampled at 10 kHz, and filtered at 1-2 kHz. Liquid junction potential (LJP) between pipette solutions and bath solutions was calculated with pClamp 8.0 software (Axon Inc., CA). In V m recordings, LJP was 13 mV. Accordingly, all the membrane potential data were corrected for this junction potential (V m =V p -13 mV). In I Cl recording studies LJP was 5 mV when Giga-seals were made in physiological salt solution, and 14 mV when Giga-seals were made in I Cl recording bath solution. 
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Statistical analysis
Data are expressed as mean ± SEM for n number of observations with p<0.05 considered significant. Differences between two means were evaluated by two-tailed Student's t-test. Differences among multiple means were assessed by one-way analysis of variance (ANOVA). When significance was detected by ANOVA, differences among individual means were evaluated post hoc by Bonferroni's test. , estimated from the Goldman-Hodgkin-Katz voltage equation with shifts of reversal potential, for the baseline currents (7.7) was higher (p<0.01) than that for swelling-activated currents (2.8). 
